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Geriatric Conditions and Subsequent
Mortality in Older Patients With Heart Failure
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New Haven, Connecticut
Objectives This study was designed to develop models for short- (30-day) and long- (5-year) term mortality after heart fail-
ure (HF) hospitalization that include geriatric conditions, specifically mobility disability and dementia, to deter-
mine whether these conditions emerge as strong and independent risk factors.
Background Although 80% of patients with HF are 65 years of age or older, no large studies have focused on the prognostic
importance of geriatric conditions.
Methods We analyzed medical record data from a national sample of Medicare beneficiaries hospitalized for HF. To iden-
tify independent predictors of mortality, we performed stepwise selection in multivariable logistic regression
models. We used net reclassification improvement to assess the incremental benefit of adding geriatric condi-
tions to a model containing traditional risk factors for mortality.
Results The mean age of patients included in the analysis was 80 years; 59% were women, 13% were nonwhite, 10%
had dementia, and 39% had mobility disability. Mortality rates were 9.8% at 30 days and 74.7% at 5 years.
Twenty-one variables were considered for inclusion in the final multivariable model. Dementia and mobility dis-
ability were among the top predictors of short- and long-term mortality, with among the top 6 largest absolute
standardized estimates in the final model for 30-day mortality, and among the top 7 largest standardized esti-
mates for 5-year mortality. The net reclassification improvement when geriatric conditions were added to tradi-
tional factors was 5.1% at 30 days and 4.2% at 5 years.
Conclusions Geriatric conditions are strongly and independently associated with short- and long-term mortality among older pa-
tients with HF. (J Am Coll Cardiol 2010;55:309–16) © 2010 by the American College of Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2009.07.066t
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Nrognostic information about patients with heart failure (HF)
an be used to assist in clinical decision-making and identify
otential targets for intervention. Published tools to stratify the
isk of HF patients have traditionally focused on demographic
actors, HF severity, medically diagnosed comorbid diseases,
hysical examination findings, and laboratory values (1–10).
lthough 80% of patients with HF are 65 years of age or older,
o large studies have focused on the prognostic importance of
eriatric conditions, including mobility disability and demen-
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ccepted July 6, 2009.ia. These conditions fall outside of the traditional disease
odel, which permeates HF research and clinical care, and
hus may be overlooked in the care of older patients with HF.
See page 317
To address this issue, we evaluated data from a nationally
epresentative sample of Medicare patients hospitalized
ith HF in the U.S. that included information on geriatric
onditions, cardiac function, comorbid diseases, and labo-
atory values. Our objective was to develop models for
hort- (30 days) and long- (5 years) term mortality after
ospitalization for HF that included both traditional factors
nd geriatric conditions to determine whether geriatric
onditions would emerge as strong and independent risk
actors and to determine the incremental benefit of includ-
ng geriatric conditions in models predicting mortality.
ethods
ational Heart Care Project. The National Heart Care
roject of the Centers for Medicare and Medicaid Services
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Geriatric Conditions in HF January 26, 2010:309–16is an ongoing quality of care
initiative for Medicare beneficia-
ries hospitalized with cardiovas-
cular diseases, including HF. As
part of the project, a cohort of
fee-for-service Medicare benefi-
ciaries hospitalized with a princi-
al discharge diagnosis of HF (International Classification
f Diseases-9th Revision-Clinical Modification codes
02.01, 402.11, 402.91, 404.01, 404.91, or 428) (11) be-
ween April 1998 and March 1999 or July 2000 and June
001 inclusive, was identified to assess quality of medical
are. In each sampling period, hospital medical records were
rouped by state, and then sorted by patients’ age, sex, and
ace, as well as the treating hospital. Up to 800 records were
hen randomly selected from each state. All records were
ncluded if fewer than 800 hospitalizations occurred in a
tate during a sampling period (Alaska, Hawaii, Idaho,
tah, Vermont, and Wyoming in both samples). Medical
ecords of selected patients were obtained from the treating
ospital and underwent detailed review by trained data
bstractors in central data abstraction centers.
The reliability of data collected for the National Heart
are Project was formally assessed by comparing results
btained by abstractors with results obtained by a clinically
xperienced panel reviewing the same medical records (n 
54) to determine assessment of ejection fraction and
rescription of an angiotensin-converting enzyme inhibitor
o patients with reduced systolic function. Kappa values for
hese measures were 0.95 and 0.88, respectively. Similarly,
nter-rater reliability was assessed by having 2 abstractors
ndependently abstract the medical records (n  560). For
he 13 measures assessed (pertaining to prescription of
ngiotensin-converting enzyme inhibitors, measurement of
jection fraction, cigarette smoking, discharge instructions,
nd use of beta-blockers), 6 had a kappa 0.8 denoting
lmost perfect agreement, and 5 had a kappa of 0.61 to 0.80
enoting substantial agreement.
The reliability of data collected to assess geriatric condi-
ions was not assessed with the same rigor as the quality
easures, which is not surprising given the National Heart
are Project’s focus on quality measures for HF hospital-
zation. However, while preparing for the second phase of
ata collection (July 2000 through June 2001), the agree-
ent of assessments by abstractors and a clinically experi-
nced panel was measured for mobility and dementia. One
undred charts were reviewed, and agreement was found
n 85% of mobility assessments and 99% of dementia
ssessments.
tudy cohort. The National Heart Care cohort included
8,882 records, of which 39,477 were from 1998 to 1999
nd 39,405 from 2000 to 2001. Of the 78,882 initially
ampled hospitalizations, 6,558 patients younger than 65
ears were excluded because they are not representative of
he majority of Medicare patients. Patients who arrived by
Abbreviations
and Acronyms
HF  heart failure
NRI  net reclassification
improvementnterhospital transfer (n  2,419) and those without chart aocumentation of HF on admission (n  5,003) were
xcluded to ensure a cohort of patients presenting with HF.
fter chart abstraction identified 1 of the National Heart
are Project’s exclusion criteria (chronic hemodialysis, dis-
harge against medical advice, and repeat hospital admis-
ion) (12), 4,340 patients were excluded. Patients were also
xcluded if their vital status could not be verified (n  48).
n total, 16,552 records met 1 or more of these exclusions,
esulting in a cohort of 62,330 patients.
eriatric conditions. For the assessment of geriatric con-
itions, abstractors were trained to exclude conditions that
ere not present before the onset of the current illness that
ed to hospitalization. For example, if the patient was unable
o walk due to increasing shortness of breath over the 2 days
efore hospitalization, but did not have limitation in mo-
ility before this illness, the patient’s mobility would be
ategorized as not limited.
Mobility was assessed using information from physician,
ursing, and physical therapy notes, as well as the discharge
ummary. Mobility disability was defined as requiring assis-
ance (from a device, such as a cane or a walker, or from
nother person) or being unable to walk. If there was no
xplicit documentation in the medical record regarding
obility, this was coded as “missing.” Abstractors were
nstructed not to infer status based on presence of other
onditions.
The presence of dementia (defined as a chronic loss of
ental function or slowly progressive mental decline) was
etermined using the same sources as used for the assess-
ent of mobility (excluding physical therapy notes). Acute
onfusional states and delirium were not included. Abstrac-
ors were trained to search for documentation of a history of
ementia. If no documentation was found, dementia was
onsidered not present.
atient outcomes. Mortality at 30 days and 5 years after
dmission was determined using the Medicare Enrollment
atabase and the Death Master File of the Social Security
dministration (13). Whereas the greatest (incident) mor-
ality risk occurs in the month after HF hospitalization (14),
ortality at 5 years was also examined to determine the
ong-term importance of geriatric conditions.
tatistical analysis. For descriptive purposes, we compared
atient characteristics (demographic and clinical) between
hose with at least 1 geriatric condition and those with none
sing the chi-square or t test. Of total patients, 31% were
issing data on mobility disability, and 37% were missing
ata on left ventricular ejection fraction. All other variables
ere missing 5% of values. We did not impute missing
ata, nor did we exclude subjects with missing data. Rather,
e created “dummy variables” for missing values. Because
ome variables would be expected to have nonlinear rela-
ionships with the outcome, we examined the bivariate
elationship of each predictor with 5-year mortality. For
ariables where the strength of the linear association varied
cross the range of values observed (including serum sodium
nd potassium, systolic blood pressure, and body tempera-
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January 26, 2010:309–16 Geriatric Conditions in HFure), splines were considered. However, the final results
ere minimally affected, so for enhanced clarity these
ariables were considered in a continuous fashion.
Nonparametric Spearman rank-order correlations be-
ween variables were evaluated, and when the correlation
oefficient was0.4, denoting potential collinearity, a single
actor was chosen based on clinical judgment and the
trength of the association with the outcome in bivariate
nalyses. The only correlation coefficients that exceeded 0.4
ere those between systolic and diastolic blood pressure
0.62) and blood urea nitrogen and creatinine (0.72). Sys-
olic blood pressure and serum creatinine were then selected
or inclusion in the final model based on strength of
ivariate association.
To identify independent predictors of mortality for each
ime point (30 days and 5 years), we derived 1,000 data
amples using bootstrapping simulation and performed
tepwise selection in logistic regression models (p value for
ntry  0.01 and for exit  0.001) for each data sample.
ariables retained in more than 80% (more than 800 times
n the 1,000 iterations) of simulated stepwise selection
odels at either time point were included in the final,
ultivariable logistic regression models for both time
oints. In addition to odds ratios, standardized estimates
ere derived from the multivariable logistic regression
odels to compare the effect size of each variable on
ortality. The standardized estimate is the correlation
oefficient determined after standardizing each variable to
ave a mean of 0 and a standard deviation of 1, thereby
inimizing the effect of unit size on observed associations.
t represents the change in response for a change of 1
tandard deviation in a predictor.
We also used a newly described reclassification approach
o assess the incremental benefit of adding geriatric condi-
ions to a multivariable model containing traditional risk
actors (age, sex, race, body temperature, systolic blood
ressure, heart rate, respiratory rate, serum sodium, potas-
ium, creatinine, white blood cell count, hematocrit, prior
F, aortic stenosis, coronary artery disease, cerebrovascular
isease, cancer, hypertension, diabetes mellitus, chronic
bstructive pulmonary disease, and left ventricular ejection
raction) to predict mortality (15). This approach expands
pon previously published reclassification methods (16,17).
or the purposes of risk reclassification, patients were
lassified in quartiles of mortality risk. The net reclassifica-
ion improvement (NRI) focuses on the reclassification of
ersons who developed events and those who did not after
ew information is added to the predictive model. Among
ersons who experienced an event (i.e., mortality), reclassi-
cation to a higher risk group was considered upward
ovement/improvement in classification. Reclassification
ownward was considered worsening in classification for
hose who developed an event. Conversely, among persons
ho did not experience an event, reclassification upward was
onsidered worsening and reclassification downward was
onsidered improvement in classification. Reclassification amprovement was then estimated by taking the sum of
ifferences in proportions of individuals reclassified upward
inus the proportion reclassified downward for people who
eveloped events, and the proportion of individuals moving
ownward minus the proportion moving upward for those
ho did not develop events. Using these methods, the
verall reclassification sum is the NRI, and the statistical
ignificance of the overall improvement is assessed with an
symptotic test.
All analyses were conducted using SAS software version
.1 (SAS Institute, Cary, North Carolina). The authors had
ull access to and take full responsibility for the integrity of
he data. All authors have read and agree to the manuscript
s written.
esults
s shown in Table 1, the mean age of the study population
as 79.6 years; 58.5% were women and 13.4% were non-
hite. Most patients (71.6%) had a known diagnosis of HF
efore hospitalization. Coronary artery disease (57.2%),
ypertension (63.7%), diabetes mellitus (39.7%), and
hronic obstructive pulmonary disease (34.0%) were com-
on comorbidities. Overall, 43.8% of patients had at least 1
eriatric condition (39.2% had mobility disability and 9.7%
f patients had dementia). Compared with patients without
geriatric condition, those with at least 1 geriatric condition
ere older and more likely to be women. Patients with a
eriatric condition were more likely to have pre-existing
F, aortic stenosis, cerebrovascular disease, and diabetes
ellitus but less likely to have coronary artery disease or
epressed ejection fraction. They also had lower systolic and
iastolic blood pressure, higher serum blood urea nitrogen,
nd lower hematocrit compared with patients without a
eriatric condition.
The 30-day mortality rate was 9.8% (n  6,124). Vari-
bles shown in Table 1 were considered for inclusion in the
nal multivariable models, which had good performance
receiver-operator curves were 0.73 and 0.76 for the 30-day
nd 5-year models, respectively). As shown in Table 2,
obility disability and dementia were among the top 7
redictors of 30-day mortality in bivariate analyses, with
mong the largest absolute standardized estimates. In mul-
ivariable analyses, mobility disability and dementia were
mong the top 6 predictors of 30-day mortality, with 100%
ccurrence in the simulated regression models, and among
he 6 largest absolute standardized estimates in the final
odel. The highest odds ratios were seen with serum
reatinine (odds ratio [OR]: 1.43, 95% confidence interval
CI]: 1.39 to 1.48), cancer (OR: 1.89, 95% CI: 1.64 to
.18), mobility disability (OR: 1.96, 95% CI: 1.81 to 2.12),
nd dementia (OR: 1.86, 95% CI: 1.73 to 2.01).
At 5 years, the mortality rate was 74.7% (n 46,570). As
hown in Table 3, mobility disability and dementia were
mong the top 6 predictors of 5-year mortality in bivariate
nalyses, with among the largest absolute standardized
e
a
5
r
s
r
1
a
(
1
C
t
t
s
a
c
b
m
n
r
m
A
w
a
s
d
i
T
b
p
p
v
c
e
7
B
V nd 37%
v h at lea
312 Chaudhry et al. JACC Vol. 55, No. 4, 2010
Geriatric Conditions in HF January 26, 2010:309–16stimates. Similarly, in multivariable analyses, mobility dis-
bility and dementia were among the top 7 predictors of
-year mortality, with 100% occurrence in the simulated
egression models and with among the top 7 largest absolute
tandardized estimates in the final model. The highest odds
atios were seen with serum creatinine (OR: 1.68, 95% CI:
.61 to 1.74), prior HF (OR: 1.66, 95% CI: 1.59 to 1.73),
ortic stenosis (OR: 1.69, 95% CI: 1.55 to 1.85), cancer
OR: 3.02, 95% CI: 2.55 to 3.59), mobility disability (OR:
.78, 95% CI: 1.70 to 1.87), and dementia (OR: 2.01, 95%
I: 1.84 to 2.19).
At 30 days, the C statistic before adding geriatric condi-
ions to the multivariable model was 0.75, and this increased
o 0.76 after the conditions were added. At 5 years, the C
tatistic before adding geriatric conditions to the multivari-
ble model was 0.75, and this increased to 0.76 after the
onditions were added. For comparison, the C statistic
efore adding serum creatinine to the 30-day multivariable
aseline Characteristics of Study Population*Table 1 Baseline Characteristics of Study Population*
All Patients
(n  62,330)
Demographics
Mean age, yrs 79.6 (7.8)
Women 58.5
Nonwhite race 13.4
Medical history
Prior heart failure 71.6
Aortic stenosis 7.5
Coronary artery disease 57.2
Cerebrovascular disease 18.8
Cancer 2.4
Hypertension 63.7
Diabetes mellitus 39.7
Chronic obstructive pulmonary disease 34.0
Admission physical examination findings
Mean body temperature, °F 97.7 (1.5)
Mean systolic blood pressure, mm Hg 146.5 (31.7)
Mean diastolic blood pressure, mm Hg 77.9 (19.0)
Mean heart rate, beats/min 90.0 (22.5)
Mean respiratory rate, breaths/min 24.6 (6.7)
Peripheral edema 74.6
Admission laboratory findings
Sodium 138.4 (5.1)
Potassium 4.3 (0.7)
Blood urea nitrogen 30.5 (19.3)
Creatinine 1.5 (0.8)
Admission laboratory findings
Glucose 152.0 (71.3)
White blood cell count 9.2 (4.1)
Hematocrit 37.0 (5.9)
Left ventricular ejection fraction 40% 29.8
Geriatric conditions†
Mobility disability 39.2
Dementia 9.7
alues are mean (SD) or %. *Of the total patients, 31% were missing data on mobility disability, a
alues. †The p value is for comparison between patients with no geriatric condition and those witodel was 0.75, increasing to 0.76 in the full model. Of wote, information about mobility was missing in 31% of
ecords. At 30 days, the standardized estimate for “missing
obility” was 0.16, with OR of 1.88 (95% CI: 1.73 to 2.04).
t 5 years, the standardized estimate for “missing mobility”
as 0.05, with OR of 1.23 (95% CI: 1.17 to 1.29).
As shown in Table 4, at 30 days, most patients remained
t the same level (i.e., quartile) of risk (along the diagonal,
hown in bold font) after information about mobility
isability and dementia were included as additional variables
n the prediction model containing variables shown in
ables 2 and 3 (age, sex, race, body temperature, systolic
lood pressure, heart rate, respiratory rate, serum sodium,
otassium, creatinine, white blood cell count, hematocrit,
rior HF, aortic stenosis, coronary artery disease, cerebro-
ascular disease, cancer, hypertension, diabetes mellitus,
hronic obstructive pulmonary disease, and left ventricular
jection fraction). Considering those patients with an event,
67 were reclassified upward (above the diagonal) and 504
eriatric Condition
(n  35,002)
>1 Geriatric Condition
(n  27,328) p Value†
77.9 (7.5) 81.8 (7.6) 0.001
53.5 64.9 0.001
13.4 13.5 0.90
68.6 75.6 0.001
6.8 8.3 0.001
58.8 55.2 0.001
14.2 24.6 0.001
2.4 2.5 0.98
63.3 64.2 0.03
38.9 40.8 0.001
33.8 34.3 0.14
97.6 (1.6) 97.7 (1.5) 0.001
147.8 (32.2) 144.8 (31.1) 0.001
79.0 (19.2) 76.4 (18.6) 0.001
90.6 (22.9) 89.1 (21.9) 0.001
24.4 (6.7) 24.7 (6.8) 0.001
72.7 77.0 0.001
138.5 (4.9) 138.3 (5.3) 0.001
4.3 (0.6) 4.3 (0.7) 0.001
28.9 (18.2) 32.5 (20.5) 0.001
1.4 (0.7) 1.5 (0.8) 0.001
153.3 (71.7) 150.3 (70.8) 0.001
9.1 (4.0) 9.2 (4.1) 0.11
37.5 (6.0) 36.3 (5.8) 0.001
32.6 26.2 0.001
N/A N/A N/A
N/A N/A N/A
were missing data on left ventricular ejection fraction. All other variables were missing 5% of
st 1 geriatric condition.No Gere reclassified downward (below the diagonal) after the
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January 26, 2010:309–16 Geriatric Conditions in HFeriatric conditions were added to the prediction model. For
hose without an event, 8,469 were reclassified downward
nd 8,138 were reclassified upward. Using previously re-
orted methods (15), the NRI at 30 days was calculated to
e 5.1% (p  0.001).
Similarly, Table 5 shows the reclassification of mortality
isk at 5 years. Again, cells in the diagonal represent those
atients who remained in the same quartile of risk after the
eriatric conditions were added to the model. For those with
n event, 6,150 were reclassified upward and 5,883 were
eclassified downward when the geriatric conditions were
dded to the prediction model. Considering those without
n event, 1,933 were reclassified downward and 1,360 were
eclassified upward. The NRI was 4.2% (p  0.001).
iscussion
ur study demonstrates that geriatric conditions, specif-
cally mobility disability and dementia, are strongly and
ndependently associated with short- and long-term mor-
ality among older persons hospitalized with HF. The
emographic and clinical characteristics of patients with
t least 1 geriatric condition differed from those of
Short-Term Mortality Models: Bivariate and MulTable 2 Short-Term Mortality Models: Bivari
Standa
Estim
Demographics
Age (5-yr increments) 0
Women –0
Nonwhite race –0
Admission physical exam findings
Body temperature –0
Systolic blood pressure, 10-mm Hg increments –0
Heart rate 0
Respiratory rate 0
Admission laboratory findings
Sodium –0
Potassium 0
Creatinine 0
White blood cell count 0
Hematocrit –0
Medical history
Prior heart failure 0
Aortic stenosis 0
Coronary artery disease –0
Cerebrovascular disease 0
Cancer 0
Hypertension –0
Diabetes mellitus –0
Chronic obstructive pulmonary disease 0
Left ventricular ejection fraction 40% 0
Geriatric conditions
Mobility disability 0
Dementia 0
CI  confidence interval.atients without a geriatric condition, but the relation- chip between the geriatric conditions and mortality per-
isted even after adjustment for these factors. Moreover,
eclassification methods that assessed geriatric conditions
nd mortality demonstrated significant improvement in
isk classification when geriatric conditions were added to
ultivariable models containing traditional risk factors.
he magnitude of this improvement (5.1% at 30 days
nd 4.2% at 5 years) was similar to that seen when
nformation about levels of high-sensitivity C-reactive
rotein was added to models of cardiovascular disease risk
5.6%) (17).
These findings expand our current knowledge of prog-
osis after HF hospitalization. Previous studies have not
xamined the independent association of geriatric condi-
ions with mortality after HF hospitalization. Geriatric
onditions fall outside of the traditional medical model
hat underlies most HF research and clinical care, yet the
ignificant reclassification effects of mobility disability
nd dementia underscore the importance of incorporating
nformation about geriatric conditions into prognostic
odels and clinical decision making.
Our results demonstrate the importance of geriatric
able Resultsnd Multivariable Results
iate Results Multivariable Results
Odds Ratio
(95% CI)
Standardized
Estimate
Odds Ratio
(95% CI)
1.26 (1.23–1.28) 0.15 1.19 (1.17–1.21)
0.82 (0.78–0.87) –0.03 0.89 (0.84–0.95)
0.61 (0.56–0.67) –0.05 0.78 (0.70–0.86)
0.95 (0.94–0.96) –0.03 0.97 (0.95–0.98)
0.82 (0.81–0.83) –0.31 0.84 (0.83–0.85)
1.00 (1.00–1.00) 0.04 1.00 (1.00–1.01)
1.02 (1.02–1.02) 0.08 1.02 (1.02–1.03)
0.96 (0.96–0.97) –0.07 0.98 (0.97–0.98)
1.60 (1.54–1.66) 0.07 1.20 (1.16–1.25)
1.51 (1.47–1.56) 0.15 1.43 (1.39–1.48)
1.06 (1.05–1.07) 0.11 1.05 (1.04–1.05)
0.98 (0.97–0.98) –0.01 1.00 (0.99–1.00)
1.55 (1.45–1.65) 0.04 1.17 (1.09–1.26)
1.43 (1.31–1.57) 0.03 1.26 (1.15–1.39)
0.94 (0.90–1.00) –0.01 0.95 (0.89–1.01)
1.32 (1.24–1.41) 0.05 1.25 (1.16–1.33)
2.22 (1.95–2.53) 0.05 1.89 (1.64–2.18)
0.68 (0.64–0.71) –0.03 0.88 (0.83–0.93)
0.81 (0.77–0.86) –0.02 0.92 (0.86–0.97)
1.14 (1.08–1.20) 0.03 1.13 (1.07–1.20)
1.83 (1.71–1.95) 0.06 1.26 (1.17–1.36)
2.67 (2.48–2.88) 0.18 1.96 (1.81–2.12)
2.45 (2.28–2.63) 0.10 1.86 (1.73–2.01)tivariate a
Bivar
rdized
ate
.20
.05
.09
.04
.35
.03
.08
.11
.17
.17
.13
.07
.11
.05
.02
.06
.07
.10
.06
.03
.16
.27
.15onditions for both short- and long-term mortality out-
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Geriatric Conditions in HF January 26, 2010:309–16omes. The immediate post-hospitalization period (i.e., 30
ays after hospitalization) is a time when care must be
ransitioned from the acute care hospital setting to the
utpatient (or short- or long-term care facility) setting,
Long-Term Mortality Models: Bivariate and MultTable 3 Long-Term Mortality Models: Bivaria
Standa
Estim
Demographics
Age, 5-yr increments 0
Women –0
Nonwhite race –0
Admission physical exam findings
Body temperature –0
Systolic blood pressure, 10-mm Hg increments –0
Heart rate –0
Respiratory rate 0
Admission laboratory findings
Sodium –0
Potassium 0
Creatinine 0
White blood cell count 0
Hematocrit –0
Medical history
Prior heart failure 0
Aortic stenosis 0
Coronary artery disease 0
Cerebrovascular disease 0
Cancer 0
Hypertension –0
Diabetes mellitus 0
Chronic obstructive pulmonary disease 0
Left ventricular ejection fraction 40% 0
Geriatric conditions
Mobility disability 0
Dementia 0
CI  confidence interval.
eclassification of 30-Day Mortality Risk With Incorporation of GerTable 4 Reclassification of 30-Day Mortality Risk With Incorpo
30-D
Q1
(<3.5%)
30-Day Probability of Mortality Without Geriatric Conditions
Q1 (3.9%) E  237
NE  12,108
Q2 (3.9%–7.2%) E  71
NE  3,161
Q3 (7.2%–12.7%) E  2
NE  3
Q4 (12.7%) E  0
NE  0
Total E  310
NE  15,272
stimates of mortality risk using traditional risk factors (vertical axis) and with traditional risk facto
emperature, systolic blood pressure, heart rate, respiratory rate, serum sodium, potassium, cre
erebrovascular disease, cancer, hypertension, diabetesmellitus, chronic obstructive pulmonary dis
f risk in both models.
E  events; NE  nonevents; Q  quartile of risk.ften with changes in medications and numerous follow-up
ppointments. These issues enhance the relevance of cog-
itive and physical disabilities, which are also critical for
ngoing, long-term HF self-care. For instance, although
ble Resultsnd Multivariable Results
iate Results Multivariable Results
Odds Ratio
(95% CI)
Standardized
Estimate
Odds Ratio
(95% CI)
1.38 (1.36–1.40) 0.27 1.37 (1.35–1.39)
0.80 (0.78–0.84) –0.06 0.81 (0.78–0.85)
0.72 (0.68–0.75) –0.03 0.87 (0.82–0.92)
0.94 (0.92–0.95) –0.03 0.96 (0.95–0.98)
0.90 (0.90–0.91) –0.13 0.93 (0.92–0.95)
1.00 (1.00–1.00) 0.01 1.00 (1.00–1.00)
1.02 (1.01–1.02) 0.06 1.02 (1.01–1.02)
0.97 (0.97–0.98) –0.05 0.98 (0.98–0.99)
1.50 (1.46–1.55) 0.04 1.12 (1.09–1.16)
2.03 (1.96–2.10) 0.22 1.68 (1.61–1.74)
1.02 (1.02–1.03) 0.03 1.02 (1.01–1.02)
0.96 (0.96–0.96) –0.06 0.98 (0.98–0.98)
2.19 (2.11–2.28) 0.13 1.66 (1.59–1.73)
1.97 (1.81–2.14) 0.08 1.70 (1.55–1.85)
1.26 (1.21–1.30) 0.03 1.13 (1.08–1.18)
1.53 (1.45–1.61) 0.06 1.34 (1.27–1.41)
2.85 (2.42–3.35) 0.09 3.02 (2.55–3.59)
0.71 (0.69–0.74) –0.07 0.78 (0.75–0.82)
1.11 (1.06–1.14) 0.07 1.28 (1.23–1.34)
1.40 (1.35–1.46) 0.11 1.51 (1.44–1.57)
1.78 (1.70–1.86) 0.08 1.40 (1.33–1.47)
2.59 (2.48–2.71) 0.16 1.78 (1.70–1.87)
2.92 (2.69–3.17) 0.11 2.01 (1.84–2.19)
Conditionsof Geriatric Conditions
obability of Mortality With Geriatric Conditions
Total
Q2
(3.5%–6.8%)
Q3
(6.8%–12.7%)
Q4
(>12.7%)
E  124
NE  2,976
E 11
NE 126
E  0
NE  0
E  372
NE  15,210
E  441
NE  8,583
E 273
NE 2,968
E  10
NE  76
E  795
NE  14,788
E  188
NE  3,246
E  971
NE  8,932
E  349
NE  1,892
E  1,510
NE  14,073
E  0
NE  25
E 243
NE 2,059
E  3,204
NE  10,051
E  3,447
NE  12,135
E  753
NE  14,830
E 1,498
NE 14,085
E  3,563
NE  12,019
E  6,124
NE  56,206
eriatric conditions (horizontal axis) are shown. Traditional risk factors include age, sex, race, body
white blood cell count, hematocrit, prior heart failure, aortic stenosis, coronary artery disease,
nd left ventricular ejection fraction. Bold values represent patients who remained at the same levelivariate a
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January 26, 2010:309–16 Geriatric Conditions in HFaily weighing is a cornerstone of HF self-care recommen-
ations, patients with limited mobility may be unable to
omplete this assessment. Similarly, patients with dementia
ay have difficulty remembering to take medications and
nderstanding sodium content of foods.
Although they may not be “curable,” geriatric conditions
an be addressed in a variety of ways. For example, a course
f physical therapy and exercise may improve mobility, and
ncreased caregiver and nursing support can be implemented
o help patients with dementia adhere to medications. The
enefits of interventions to address mobility and dementia
re likely to extend beyond HF self-care. These interven-
ions may also enhance patients’ abilities to avoid or cope
ith other medical problems, including infections, falls, and
number of chronic diseases.
tudy limitations. This study used nationally representa-
ive data on over 62,000 patients hospitalized with HF
ollowed for 5 years. However, our findings must be
nterpreted within the context of several potential limita-
ions. First, because our sample included fee-for-service
edicare patients, our findings may not be applicable to
lderly patients enrolled in Medicare managed care plans.
hereas the extensive self-care required for optimal man-
gement of HF (including daily measurement of body
eight and ongoing vigilance regarding dietary sodium
ntake) may enhance the relevance of mobility disability and
ementia, it is possible that these geriatric conditions would
old the same prognostic value among patients with other
hronic diseases, such as chronic obstructive pulmonary
isease. Future work should assess the prognostic impor-
ance of these geriatric conditions in non-HF populations.
lso, our analysis of geriatric conditions was limited to
obility disability and dementia. We chose mobility dis-
bility and dementia because of: 1) their prevalence among
eneral populations of older patients; 2) their potential
nfluence on HF self-care, including medication and dietary
eclassification of 5-Year Mortality Risk With Incorporation of GeriTable 5 Reclassification of 5-Year Mortality Risk With Incorpor
5-Year Pr
Q1
(<64.2%) (6
5-Yr Mortality Risk Without Geriatric Conditions
Q1 (64.8%) E  6,364
NE  7,054
Q2 (64.8%–78.4%) E  1,282
NE  882
Q3 (78.4%–87.9%) E  0
NE  0
Q4 (87.9%) E  0
NE  0
Total E  7,646
NE  7,936
stimates of mortality risk using traditional risk factors (vertical axis) and with traditional risk facto
emperature, systolic blood pressure, heart rate, respiratory rate, serum sodium, potassium, cre
erebrovascular disease, cancer, hypertension, diabetesmellitus, chronic obstructive pulmonary dis
f risk in both models.
Abbreviations as in Table 4.dherence, as well as daily self weighing; and 3) their robust bssessment (i.e., through detailed medical record review)
ithin the National Heart Care Project. Other potentially
elevant geriatric conditions, including urinary inconti-
ence, frailty, and falls, were considered but were not
ncluded because they were not assessed. Future research
hould examine the prognostic importance of a broader
rray of geriatric conditions. We do not have information
bout do-not-resuscitate status of patients, and it may be
hat these patients received less intensive, “life-prolonging”
edical care. Of note, only 5% of hospitalized patients with
evere HF have a do-not-resuscitate order (18). Outcomes
ere available only for mortality; hence, we were unable to
valuate other important end points, including health status.
inally, information about mobility was missing in 31% of
ecords. This likely reflects clinical practice, in which
atients’ physical capabilities are often not assessed or
ecorded by clinicians. Of note, our results indicate that
aving missing information on mobility confers poorer
rognosis.
onclusions
espite the aging of the population and the fact that HF
rimarily affects older persons in whom many complex
onditions coexist, current studies and guidelines have not
ncorporated routine assessment or management of geriatric
onditions. There is increasing recognition of the need to
ove away from considering diseases as solitary entities and
o consider illness in the context of the patient (19). Heart
ailure is the number 1 cause of hospitalization among
ersons age 65 years or older (20), thereby placing tremen-
ous burden on the health care system. Recent innovations
n HF management have not yet translated into better
utcomes in this population, underscoring the need for a
ew, more comprehensive approach to the care of this
opulation (21). By addressing geriatric conditions, it may
Conditionsof Geriatric Conditions
ity of Mortality With Geriatric Conditions
Total
2
78.8%)
Q3
(78.8%–88.6%)
Q4
(>88.6%)
,426
603
E  108
NE  27
E  0
NE  0
E  7,898
NE  7,684
,483
2,958
E  2,325
NE  482
E  153
NE  18
E  11,243
NE  4,340
,395
718
E  8,509
NE  1,593
E  2,138
NE  230
E  13,042
NE  2,541
0
E  2,206
NE  333
E  12,181
NE  862
E  14,387
NE  1,195
1,304
4,279
E  13,148
NE  2,435
E  14,472
NE  1,110
E  46,570
NE  15,760
eriatric conditions (horizontal axis) are shown. Traditional risk factors include age, sex, race, body
white blood cell count, hematocrit, prior heart failure, aortic stenosis, coronary artery disease,
nd left ventricular ejection fraction. Bold values represent patients who remained at the same levelatrication
obabil
Q
4.2%–
E  1
NE 
E  7
NE 
E  2
NE 
E  0
NE 
E  1
NE 
rs plus g
atinine,
ease, ae possible to improve prognosis.
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